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1. INTRODUCTION AND SUMMARY 


As part of its V/STOL research program, NASA intends to conduct flight 
investigations of the stability, control and handling qualities of highly 
augmented V/STOL aircraft. Specific plans include the flight tests of a 
YAV-8B aircraft modified to include an advanced avionics and flight control 
system for improving flying qualities and performance. 


As an initial phase to this program, NASA will conduct flight tests of 
the YAV-8B vehicle in order to extract aerodynamic and propulsion character- 
istics, update existing simulation models, validate handling qualities and 
design criteria, and to improve V/STOL flight test techniques. This program 
will also include tests using a static test stand located at the Dryden 
Flight Research Center, where flight tests of the YAV-8B will take place. 


In order to perform high quality parameter estimation and analysis of 
the YAV-8B characteristics, it is necessary to construct mathematical 
models of varying complexity and linearity from existing wind tunnel and 
flight test data. 


The McDonnell Aircraft Company (MCAIR) recently completed a V/STOL 
simulation and modeling study under contract to NASA Dryden. This study 
defined and documented detailed mathematical models of varying complexity 
representative of the YAV-8B aircraft. These models will be used by NASA 
in parameter estimation and in linear analysis computer programs while 
investigating YAV-8B aircraft handling qualities. Both a six degree of 
freedom nonlinear model and a linearized three degree of freedom longitudinal 
and lateral directional model were developed. 


The nonlinear model is based on the mathematical model used on the MCAIR 
YAV-8B manned flight simulator. This simulator model has undergone periodic 
updating based on the results of approximately 360 YAV-8B flights and 8000 
hours of wind tunnel testing. Qualified YAV~8B flight test pilots have 
commented that the handling qualities characteristics of the simulator are 
quite representative of the real aircraft. These comments are validated 
herein by comparing data from both static and dynamic flight test maneuvers 
to the same obtained using the nonlinear program. 


formatted Geattiy as die aisdete traditionally used in convene icnkk rigs 
dynamic analysis. Aircraft characteristics were predicted using this 
linearized model and compared to both the flight data and the nonlinear 
predictions. To document the aircraft characteristics throughout the flight 
envelope trim conditions and stability derivatives are provided for 24 
flight conditions. 


A FORTRAN batch simulation of the nonlinear model has been produced. 
Documentation for this simulation consists of a description of the software 
including top level flow charts, program structure, subroutine interfaces, 
modeling equations, data format, a user's guide, source listings and plots 
of the over 17,000 aerodynamic and propulsion data points used in the model. 
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This report is divided into two volumes. Volume I contains the descrip- 
tion of the aircraft, documentation of the nonlinear and linear mathematical 
models, stability derivatives, the comparisons of predicted and actual flight 
test data which validate the nonlinear model and a discussion of models 
appropriate for use in parameter estimation programs. Volume II contains 
the source listings for the nonlinear program and plots of the aerodynamic 
and propulsion data used in the nonlinear program. 
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BETAKO6 


BETAK08 


CAATLL 


CABASE 


CABASE2 


CAFLAPL 


CAGE55 


CAGE81 


CALO 


CLLAILL 


CLLBASE 


Side force and yawing moment criteria 
due to phi break lines as a function 
of VET, altitude and K factor; 
nozzles = 60 deg 


Side force and yawing moment criteria 


due to phi break lines as a function 
of VET, mae ae and K factor; 


Increment of axial force coefficient 
due to aileron as a function of 
aileron deflection and alpha 


Baseline axial force coefficient as 
a function of alpha 


Baseline axial force coefficient as 


a function of alpha; high alpha 


Increment of axial force coefficient 
due to flap as a function of alpha 
and flap deflection 


Increment of axial force coefficient 
due to aarige effects as a Dae aaa 


nozzles = 55 rps 


Increment of axial force coefficient 
due to ground effects as a function 


of THALP and altitude; nozzle > 81 deg 


Increment of axial force coefficient 


alpha, VEQ, and THETAS = 0, 10 deg 


Increment of axial force coefficient 
due to power effects as a function of 
alpha, VEQ, and THETAJ = 55 deg 


Increment of rolling moment coeffic- 
ient due to aileron as a function of 
alpha and aileron deflection 


Rolling moment coefficient due to 


sideslip angle as a function of 
alpha and flap deflection 


C-37 


YMSF60U 


YMSF81U 


CAAILT 


CABAS1T 


CABAS 2T 


CAFLAPT 


CAGE55T 


CAGE81T 


CAPOWT 


CA55T 


CLLAILT 


CLLBAST 


C~43 


C-44 


C-45 


C~-46 


C~47 


C~48 


C-49 


C-53 


C-54 


C-56 


C-57 


C-58 
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DATA TABLE 


CLLP 


CLLPOW 


CLLR 


CLNAILL 


CLNBASE 


CLNP 


CLNPOW 


CMAILL 


CMBASE 


CMBASE2 


CMF LAL 


CMGE55 


DEFINITION NAME PAGE 


Rolling moment coefficient due to 
roll rate as a function of alpha 


Rolling moment coefficient due to 
power effects as a function of VEQ 
and alpha 


Rolling moment coefficient due to 


yaw rate as a function of alpha 


Increment of yawing moment coeffic~ 
Lent due to aileron as a function 


Yawing moment due to sideslip angle 
as a function of alpha and flap 
deflection 


Yawing moment coefficient due to 
roll rate as a function of alpha 


Yawing moment coefficient due to 
and alpha 


Yawing moment coefficient due to 


yaw rate as a function of alpha 


Increment of pitching moment coeffic- 
ient due to aileron as a function of 
aileron deflection and alpha 


Baseline pitching moment coefficient 
as a function of alpha 


Baseline pitching moment coefficient 
as a function of alpha; high alpha 


Increment of pitching moment coef-~ 
ficient as a function of ALPC, flap 
deflection, and THETAJ 


Increment of pitching moment coef- 
ficient due to ground effects as a 
function of THALP, altitude, and 


VEQ; nozzles = 55 deg 


C-38 


CLLRT 


CLNAILT 


CLNBAST 


CLNPT 


CLNPOWT 


CLNRT 
CMAILT 

CMBASLT 
CMBAS2T 


CMFLAPT 


CMGE55T 





C-61 


C62 


C=-63 


C-64 


C-65 | 


C-66 


C-67 


C-68 


c-69 


C-70 


C-71 
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CMGE81 Increment of pitching moment CMGE81T C-75 
coefficient due to ground effects 
as a function of THALP and altitude; 
nozzles > 81 deg 


CMJ25 Increment of pitching moment coeffic- CMF JIT C~76 
ient due to flap-jet impingement as a 
function of VEQ, alpha, and THETAJ; 
flaps < 25 deg 


CMJ45 Increment of pitching moment coeffic- CMFIIIT C-78 
ient due to flap-jet impingement as a 
function of THETAJ; flaps < 61 deg 


CMJ62 Increment of pitching moment coeffic- CMF II2T C~79 
ient due to flap~jet impingement as a 
function of THETAJ; flaps > 61.7 deg 


CMTUP Increment of pitching moment coeffic- DCMUPT C-80 
ient due to stabilator as a function of 
ALPT, alpha, and VEQ; flaps = 0 deg 


CMT25 Increment of pitching moment coeffic- DCM25T C~82_ 
ient due to stabilator as a function 
of ALPT; 25 deg flaps 


CMT62 Increment of pitching moment coeffic- DCM62T C-83 
ient due to stabilator as a function : 
of ALPT, and VEQ; 61.7 deg flaps 


CNAILL Increment of normal force coefficient CNAILT C~84 
due to aileron as a function of 
aileron deflection and alpha 


CNBASE Baseline normal force coefficient as CNBAS1T C=85 
a function of alpha 


CNBASE2 Baseline normal force coefficient as CNBAS2T C-86 
a function of alpha; high alpha 


CNFLAPL Increment of normal force coeffic- CNFLAPT C-87 
ient due to flaps as a function of 
ALPC, flap deflection, and THETAJ 


CNGES5 Increment of: normal force coeffic- CNGE55T c-90 
ient due to ground effects as a 
function of THALP, altitude, and 
VEQ; nozzles = 55 deg 


C~39 
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CNGE81 Increment of normal force coeffic- - CNGE8LT C-91 
ident due to ground effects as a 
function of THALP and altitude; 
nozzles > 81 deg 


CYAILL Increment of side force.coefficient CYAILT C=92 
due to aileron as a function of 
alpha and aileron deflection 


CYBASE Side force coefficient due to side- CYBAST C-93 


slip angle as a function of alpha 
and flap deflection 


CYPOW Increment of side force coefficient CYPOWT C-94 
due to power effects as a function 
of VEQ and alpha 


DALPC Delta correction to flap AOA as a ALPCT C-95 
function of THETAJ and VEQ 


DCA Delta correction to axial force DCAT C=-96 
coefficient due to flaps as a 
function of VEQ 


DCAJ25 Increment of axial force coeffic- CAF JIT C~97 
ident due to flap-jet interference 
as a function of VEQ, flaps < 25 deg 


DCAJ45 Increment of axial force coeffic- CAFITIT Cc-98 


as a function of THETAJ, flaps < 61‘deg 
DCAJ62 Increment of axial force coeffic- | CAFII2T C~99 
ient due to flap-jet interference 
as a function of THETAJ, 
flaps > 61.7 deg 


DCA50 Increment of axial force coeffic- DCA50T C-100 
ient due to ground effects as a 
function of THALP and altitude; 
nozzie = 50 deg 


DCA60 Increment of axial force coeffic- DCA60T C-101 
tient due to ground effects as a 
function of THALP and altitude; 
nozzle = 60 deg 
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DCLNHI Yawing moment coefficient due to DCLNHIT C-102 
sideslip angle as a function of 
alpha for high beta 


DCMFJI Increment to CMJ25 as a function of DCMF JIT C~103 
alpha 
DCML Increment of pitching moment coef- DCMT C-104 


ficient due to flaps as a function 
of alpha, VEQ, and flap deflection 


DCMPOW Increment of pitching moment coef- DCMPOWT C~107 
ficient due to power effects as a 
function of alpha, VEQ, and THETAJ 


DCM1O Increment of pitching moment coef- DCMLOT C~116 
ficient due to ground effects as a 
function of THALP, altitude, and 
VET; nozzles = 10 deg 


DCM50 Increment of pitching moment coef- DCMSOT C-118 
ficient-due to ground effects as 
a function of THALP and altitude; 
nozzle = 50 deg 


DCM60 Increment of pitching moment coef- DCM60T Cc-119 
ficient due to ground effects as a 
function of THALP and altitude; 
nozzle = 60 deg 


DCNI25 Increment of normal force coefficient CNF JIT C-120 
due to flap-jet interference as a 
function of ALPC and VEQ, flaps < 25 deg 


DCNJ45 Increment of normal force coefficient CNFJILT C-121 
\ due to flap-jet interference as a 
function of THETAJ; flaps < 61 deg 


DCNJ62 Increment of normal force coefficient CNFII2T C-122 
due to flap-jet interference as a 
function of THETAJ; flaps > 61.7 deg 


DCNPOT Increment of normal force coefficient DCNPOWT C~123 
due to power effects as a function of 
THETAJ and alpha; VEQ < .05 
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DEPENDENT 
—VARLTABLE 





DCNPOW 


DCN50 


DCN60 


DCYHI 


DRMBS1 


DRMP60 


DRMP81 


DSFT 
EPS1 


EPS2 


PBSF60 


PBSF81 
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Increment of normal force coefficient 
due to power effects as a function of 
THETAJ, VEQ, and alpha; VEQ > .05 


Increment of normal force coefficient 
due to ground effects as a function of 


nozzle = 60 deg 


Side force coefficient due to side- 
slip angle as a function of alpha for 
high beta 


Increment to DRMP81 as a function 
of ABETAP, altitude, and VET; 
nozzle = 81 deg 


Phi bias to rolling moment as a func- 
tion of phi, beta, and altitude; 
nozzle = 0 to 60 deg 


Phi bias to rolling moment as a func=- 
tion of phi and beta, altitude, and 
VET 


Side force out of ground effects as a 
function of THALP, THETAJ, and VEQ 


Downwash angle for flaps < 25°, as a 
function of alpha and VEQ 


Downwash angle for flaps > 25°, as a 
function of alpha, VEQ, and flap 
deflection 


Phi bias to side force as a function 
nozzles = 60 deg 


Phi Bias to side force as a function 


of ABETAP, altitude, and VET; 
nozzles = 81 deg 
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DEFINITION 


DATA TABLE 


CNPOWT 


DCNSOT 


DCN6OT 
DCYHIT 
DRMB81U 
DRMP 60U 
DRMP81U 


DSFTU 
EPS1T 


EPS2T 
PBSF60U 


PBSF81U 


C132 


C~133 


C-134 


C~135 


C-137 


C~141 


C=144 


C~149 


C-150 


C-152 


C154 





DEPENDENT 


PBYM60 


PBYM81 


RC 


RCA 


RKO 


RMBEOO 


RMBE60 


RMBE81 


RMBE96 


RMGEOO 


RMPB81 
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tion of ABETAP, “altitude, end VET: 
nozzles = 81 deg 


Correction factor to pitching moment 
coefficient as a function of alpha 
and VEQ 


K Factor for delta correction to axial 
force coefficient as a function of VEQ 


Correction factor to pitching moment 


coefficient due to stabilator for zero 


deg. flaps 


Ground effect on longitudinal control 


power as a function of THALP 


Rolling moment out of ground effects 
as a function of THALP and VEQ; 
nozzles = 0 deg 


Rolling moment out of ground effects 
as a function of THALP and VEQ; 
nozzles = 60 deg 


Increment of rolling moment out of 
ground effects as a function of 
ABETAP, THALP, and VEQ: nozzles = 
81 deg, VEQ = .025 


Increment of Rgeead moment out of 


ian, VEQ = 096 


Rolling moment in ground effects 
as a function of THALP, altitude, 
and VET; nozzles = 0 deg 


Lookup term for DRMP81 as a func- 


tion of ABETAP, altitude, and VET; 
nozzles = 81 deg 
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“PBYM81U 


RCT 


RCAT 


RKT 


RKOT 


RMBEOOU 


RMBE60U 


RMBE81U 


RMBE96U 


RMGEOOU 


RMPB81U 
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RMIP2 Rolling moment in ground effects RMAT81U . CH174 
as a function of ABETAP, THALP, 
and VET; nozzles = 81; altitude = 
1.2 feet “ 


RM2P47 Increment of rolling moment out of. RM2P47U C~177 
ground effects as a function. of ABETAP 
and THALP; nozzles = 81, VEQ = .247 


RM4P12 Rolling moment in ground effects as RM4P12U C-178 
a function of ABETAP, THALP, and 
VET; nozzles = 81, altitude = 4.12 
feet | 


RM7PO5 Rolling moment in ground effects RM7P05U C-181 
as a function of ABETAP, THALP, 
and VET; nozzles = 81; altitude 
7.05 feet 


SFGE60 Side Force in ground effects as a SGFE60U C-184 
function of THALP and altitude; - 
nozzles = 60 deg 


SFGE81 Side Force in ground effects as a SFGE81U C~185 
function of THALP, altitude and 
VET; nozzles = 81 deg 


SFTB60 Bias to side force as a function of SFTB6OU C189 
BETAP, altitude, and VET; 
nozzles = 60 deg 


SFTB81 Bias to side force as a function of SFTB81U C-191 . 
ABETAP, altitude and VET; nozzles 
= 81 deg 


SFTP60 Phi bias to side force as a function SFTP60U C-195 
of YPHIE, altitude and VET; 
nozzles = 60 deg 


SFTP81 Phi bias to side force as a function SFTP81U C-197 
of YPHIE, altitude, and VET; 
nozzles = 81 deg 
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YMBS60 Bias to yawing moment as a function YMBS60U C-202 
of ABETAP, altitude, and VET; 
nozzles = 60 deg 


YMBS81 Bias to yawing moment as a function YMBS81U C=204 
of ABETAP, altitude, and VET; 
nozzles = 81 deg 


YMGE60 Yawing moment in ground effects as YMGE60U C=208 
a function of THALP and altitude; 
nozzles = 60 deg 


YMGE81 Yawing moment in ground effects as YMGE81U C-209 
a function of THALP, altitude, and 
VET; nozzles = 81 deg 


YMPE60O Phi bias to yawing moment as a YMPE6OU C-213 
function of YPHIE, altitude, and 
VET; nozzles = 60 deg 


YMPE81 Phi Bias to yawing moment as a func~ YMPE81U C~215 
tion of YPHIE, altitude, and VET; 
nozzles = 81 deg 


YMTBOO Yawing moment out of ground effects YMTBOOU C-220 
as a function of THALP and VEQ; 


YMTB60 Yawing moment out of ground effects YMTB6OU C-221 
as a function of THALP and VEQ; 
nozzles = 60 deg 


YMTB81 Yawing moment out of ground effects YMTB81U C-222 


as a function of THALP and VEQ; 
nozzles = 81 deg 
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5.22 2.29 5.29 


DEPENDENT 





CDBAS1 


CDBAS2 


CDDR 


CLBAS1 


CLBAS2 


CMALPDT 


CMBAS1 


CMBAS2 


CMQT 


CNB 


CNDAL 


CNDR 
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INDEX TO HIGH SPEED AERODYNAMIC PLOTS 


_DEFINITION | 
Baseline drag coefficient as a func~ 
tion of alpha for high baseline lift 
coefficient 


Baseline drag coefficient as a func 


tion of Mach number and lift coef- 
ficient 


Drag coefficient due to rudder as a 


function of alpha and Mach number 


Baseline lift coefficient as a func- 
tion of alpha for high alpha 


Baseline lift coefficient as a func- 


tion of alpha and Mach number 


Pitching moment coefficient due to 
alpha dot as a function of Mach 
number 


Baseline pitching moment coefficient 
as a function of alpha for high 
alpha 


Baseline pitching moment coefficient 
as a function of Mach number and 
alpha 


Pitching moment coefficient due to 
pitch rate as a function of Mach 
number — 


Yawing moment coefficient due to 
sideslip angle as a function of 


Mach number and alpha 


Increment of yawing moment coef- 
ficient due to aileron as a func- 
tion of Mach number, alpha, and 
aileron deflection 


Yawing moment coefficient due to 
rudder deflection as a function 
of Mach number and alpha 


Yawing moment coefficient due to 


roll rate as a function of Mach 


number and alpha 


C-223 


MDC A7910 
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DATA TABLE 


HCD2T 


HCDDRT 


HCLIT 


HCL2T 


HCMADT 


HCMBLT 


HCMB2T 


HCMQT 


HCNBHT 


HCNDAT 


HCNDRT 


HCNPT 


__PAGE 


C=225 


C226 


C~227 


C=228 


C-229 


C=230 


C~231 


C=-232 


C=233 


C~234 


C=235 


C=-243 


C~244 


DEPENDENT. 





CNR 


DCDAL 


DCDFL 


DCDSTAB 


DCLAL 


DCLFL 


DCMFL 


DCMST 


DCNPOW1 


HCLDAL 


_DEFINITION 


Yawing moment coefficient due to 
yaw rate as a function of Mach 
number and alpha 


Increment of drag coefficient due 
to aileron as a function of aileron 
deflection, Mach number, and alpha 


Increment of drag coefficient due 
to flap as a function of alpha, 
flap deflection, and Mach number 


Increment of‘drag coefficient due 
to stabilator as a function of 
alpha, stabilator position, and 


Mach number 


Increment of lift coefficient due 
to aileron as a function of 
aileron deflection and Mach 
number 


Increment of lift coefficient due 
to flap as a function of alpha, 


Increment of pitching moment 
coefficient due to flap as a 
function of alpha, flap deflection, 
and Mach number 


Increment of pitching moment coef- 
ficient due to stabilator as a 
function of stabilator position, 
alpha, and Mach number 


Increment of normal force coeffic- 
ient due to power effects as a 
function of THETAJ, VEQ, and alpha 


Increment of rolling moment coef- 


ficient due to aileron as a function 


of Mach number, alpha, and aileron 
deflection 
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INDEX TO HIGH SPEED AERODYNAMIC PLOTS (Cont'd) 


DATA TABLE 


HCNRT 


HCDAILT 


HCDFT 


HCDSTT 


HCLALLT 


HCLFT 


HCMFT 


HCMSTT 


CNPOWT 


HCLLDAT 


LAGE | 


C245 


C-246 
C-250 


C-256 


C=260 


C~261 


C~269 


C~277 


C~285 


C~293 


DEPENDENT 





HCLLB 


HCLLBF 


HCLLDR 


HCLLP 


HCLLR 


HCMDAL 


HCMP1 


HCYB 


HCYDAL 


HCYDR 


HCYR 





p22 She) 


Rolling moment coefficient due to 
sideslip angle as a function of 
Mach number and alpha 


Rolling moment coefficient due to 
flap as a funetion of Mach number 
and alpha 


Rolling moment coefficient due to 


' tudder as a function of Mach number 


and alpha 


roll rate as a function of Mach 
number and alpha 


Rolling moment coefficient due to 


yaw rate as a function of Mach 


number and alpha 


Increment of pitching moment coef- 
ficient due to aileron as a function 
of aileron deflection and alpha 


Increment of pitching moment coef- 
ficient due to power effects as a 
function of alpha, VEQ, and THETAJ 


Side force coefficient due to side- 
slip angle and flap as a function 
of Mach number, alpha, and flap 
deflection. 


Increment of side force coefficient 
due to aileron as a function of 
aileron deflection and alpha 


Side force coefficient due to 
rudder as a function of Mach 
number and alpha 


Side force coefficient due to 


yaw rate as a function of Mach 
number 


C-224.] 
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INDEX TO HIGH SPEED AERODYNAMIC PLOTS (Cont'd) 


DATA TABLE 
aera N. = ME eo amma : 


HCLBT 


HCLBFT 


HCLLDRT 


HCLLPT 


HCLLRT 


HCMDAT 


HCMPOWT 


HCYBT 


HCYDRT 


HCYRT 


C~302 


C~303 


C~304 


C=305 


C-306 


C-307 


C~319 


C-320 


C~321 


C=322 
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